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Ozet 

Amac: Bu calismanin amaci depresyonu olmayan fibromyalji(FM) hastalarin- 
da kognitif performans! degerlendirmek, romatid artritli(RA) hastalar ve 15 
saglikli kontrolle karsilastirmaktir. Gereg ve Yontem: Bu calismaya 16 FM ve 
15 RA hastasi katildi. Tim katilimcilar cesitli psikolojik élgiimleri tamamladi. 
Kognitif dlgtimler global dikkat, dil, gérsel ve s6zel hafiza, gérsel-uzaysal is- 
levier ve yuriitiicu fonksiyonlardan olustu. FM’li hastalarda agri siddeti, yor- 
gunluk ve uyku kalitesi visual analog skala(VAS)(O-10) tarafindan degerlen- 
dirildi. FM’nin diger semptomlarinin degerlendirilmesinde Fibromyalji Etki 
Sorgulamasi(FES) kullanildi. Bulgular:FM ve RA hastalari saglikli kontroller- 
le karsilastirildiklarinda bir cok kognitif dlciimde kotii performans sergiledi- 
ler. FM hastalarinin performansi bir cok kognitif dlciimde RA hastalarina ben- 
zerdi. Bununla beraber FM hastalari yiirtitiicl' fonksiyonlarda RA hastalarin- 
dan cok daha kotii performans gésterdiler(p<0,05). Agri iki cognitive dl¢iim- 
le koreleydi: global dikkat ve yiiriitiicti fonksiyonlar (sirasiyla r=0.51, p<0.05 
and r=0,68, p<0,05). Yorgunluk yalnizca yirtittici fonksiyonlarla korele bulun- 
du (r=0,51, p<0,05). Tartisma: Bizim sonuclarimiz depresyonsuz FM hastalari- 
nin tim kognitif tasklarda kotii performansa sahip oldugunu gésterdi. Ek ola- 


rak agri, yorgunluk gibi degiskenler kognitif performansla anlamll iliskiliydi. 
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Abstract 

Aim:The purpose of this study was to assess the cognitive performance in 
fibromyalgia(FM) patients without depression and to compare it with rheu- 
matoid arthritis(RA) patients and 15 healthy controls. Material and Meth- 
od:16 FM and 15 RA patients participated in the present study. All partici- 
pants completed several psychological measures. The cognitive functions 
measured were global attention/working memory, language, visual and ver- 
bal memory, visuo-spatial processes and executive functions. Pain severity, 
fatigue and sleep quality in FM patients were evaluated by the visual analog 
scale(VAS)(0-10). Other symptoms of FM were evaluated using the Fibro- 
myalgia Impact Questionnaire(FIQ). Results: FM and RA patients performed 
poorly on most cognitive measurements compared with healthy controls. The 
performance of the FM patients was similar to that of the RA patients on 
most cognitive measures. However, FM patients performed more poorly than 
RA patients on measures of executive functions(p<0,05). Self reported pain 
correlated with two cognitive measures: global attention/working memory 
and executive functions(r=0.51, p<0.05 and r=0,68, p<0,05 respectively). The 
fatigue correlated only with executive functions(r=0,51, p<0,05). Discussion: 
Our results indicated that FM patients without depression had poor cogni- 
tive performance on complex cognitive tasks. In addition, the present results 
show that some variables such as pain and fatigue were significantly related 
to cognitive performance. 
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Introduction 

FM is a chronic syndrome that occurs predominantly in wom- 
en and is marked by generalized pain, multiple defined tender 
points, fatigue, disturbed and nonrestorative sleep, and nu- 
merous other somatic complaints [1-3]. Additionally, patients 
who have FM report more cognitive problems and dissociative 
states than other rheumatology patients. The memory impair- 
ment, poor concentration and difficulty in performing mental 
tasks are frequent complaints in patients with FM. This condi- 
tion is so-called ‘fibro fog’ [4-6]. 

The memory and concentration problems are very common 
symptoms in FM patients [4-10]. FM patients are more sensi- 
tive to their memory loss because their memory function may 
have declined over a shorter time period than is typical with 
normal aging. Landro et al evaluated long-term memory per- 
formance and found that FM patients performed more poorly 
than the healthy controls on many memory measures and the 
word fluency tasks [9]. Clauw et al reported that FM patients 
scored below the expected level on some attention and memory 
tests [10]. 

The pathogenetic mechanisms leading to diminished cognitive 
performance in FM patients are unknown and few objective 
data are available on this topic [4-10]. Cognitive symptoms in 
these patients may be exacerbated by the presence of depres- 
sion, anxiety, sleep problems, endocrine disturbances, and pain, 
but the relationship of these factors to cognitive problems in 
FM patients is unclear [9, 11]. Additionally, inclusion of compari- 
son groups who have other painful conditions such as rheuma- 
toid arthritis are needed in order to clarify whether cognitive 
problems are specific to FM or a function of chronic pain more 
generally. 

In this study, we assessed the cognitive performance in FM pa- 
tients without depression and compared with RA patients and 
15 healthy controls. In addition, we investigated the relation- 
ship between cognitive functioning and other physical symp- 
toms. 


Material and Method 

Eligible subjects included women 18-65 years of age, who ful- 
filled American College of Rheumatology (ACR) diagnostic cri- 
teria for fibromyalgia [1]. Rheumatoid arthritis diagnosis was 
based on the ACR criteria [12]. We excluded patients with RA 
who had concurrent fibromyalgia. Fifteen healthy women were 
selected from the hospital staff to match the patient groups 
for age by years. Subjects were excluded for any of the fol- 
lowing reasons; concomitant depression, diagnosis of a primary 
psychiatric disorder, current use of medications known to af- 
fect cognitive function, less than 5 years of formal education. 
Depression was diagnosed according to DSM IV criteria [13,14]. 
Patients discontinued all psychoactive medications for at least 
15 days. Eligible subject were required to discontinue all pre- 
scription medications for fibromyalgia. Pain was measured by 
a standard 10-cm visual analog scale (VAS) (O = no pain, 10 
= pain as bad as it could possibly be). We also used a VAS to 
measure the intensity of fatigue (0 = none, 10 = worst ever), 
sleep quality (O = worst ever, 10 = best), and overall well-being 
(O = worst ever, 10 = best ever). Other symptoms of the FM 
were evaluated using the Fibromyalgia Impact Questionnaire. 


The FIQ is a 10-item, self-report instrument that measures mul- 
tiple symptoms, functioning, and overall well-being. The scores 
range from O to 80 [15]. The FIQ has been found to have good 
reliability and validity in clinical trials [16]. Pain intensity in RA 
patients was measured using a 10cm VAS. All participants com- 
pleted several psychological measures. 


Neuropsychological Evaluation 

The evaluation of the cognitive functions in all individuals was 
done by the same neurologist (MT), who had no knowledge of 
the clinical data and diagnosing the disease. The neuropsycho- 
logical test battery was designed to assess different domains 
of cognitive functions; global attention, language, memory, vi- 
suo-spatial functions and executive functions [17-20]. All tests 
are presented in Table 1. All subjects gave written consent to 
participate in the study. 


Table 1. Neuropsychological Test Battery 


Attention 
WAIS-R, Digit Span (DS) 
Forward 
Backward 
Verbal Fluency (K-A-S Test) 
Language 
Boston Naming Test (30-Items) 
Visio-spatial functions 
Benton's Facial Recognition (BFR) 
WAIS-R Block Design (BD) 
Hooper Visual Organization Test (HVOT) 
Clock Drawing 
Verbal Memory 
California Verbal Learning Test 
Visual Memory 
Rey-Osterreith Complex Figure (ROCF) 
Executive Functions 
Wisconsin card sorting test (WCST) 
Stroop Test 
Trail Making Test A and B (TMT A-B) 
WAIS = Wechsler Adult Intelligence Scale 


Statistical analysis 

One-way analysis of variance (ANOVA) with Tukey’s test was 
used to compare the differences in cognitive measures among 
the three groups. Categorical demographic variables were ana- 
lyzed across the three groups using chi-square analyses. FM 
and RA patients were compared for continuous variables such 
as pain, fatigue using the Mann-Witney U test. Kolmogorov 
Smirnov test was applied to determine normally distributed 
continuous variables. Correlations between pain, fatigue, sleep 
quality and cognitive measures were analysed by Pearson or 
Spearman test as appropriate. P<0.05 was accepted as statisti- 
cally significant. 


Results 

16 FM and 15 RA patients and 15 healthy controls participated 
in the present study. The study participants (FM patients) were 
all the women, with a mean age of 37 years. A self-reported 
duration of fibromyalgia symptoms were 8. 6 + 3. 2 years. The 
mean duration of RA was 10.2 + 5.7years. Healthy subjects had 
more years of education than FM and RA patients; however, 
there was not a significant difference. The groups were not dif- 
ferent in age and duration of disease. Demographic and clinical 
data of FM and RA patients and healthy controls are given in 
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Table 2. 

The average score on the VAS in FM patients was 7.3 + 3.6 cm 
for pain intensity, 7. 7 + 4. 5 cm for fatigue intensity, 6.5 + 4. 
3 cm for sleep quality, and 4. 2 + 3. 4 cm for overall well-being. 
The mean score for pain was 6. 8 + 4. 1 in patients with RA. 
There was not a significant difference in pain scores in between 
two patients groups. 


Table 2. Demographic and clinical data for all patients and 15 health controls 
who enrolled in this study. 


Fibromyalgia Rheumatoid Controls 
n= 16 arthritis n=15 n=15 
Mean age (years) 36.8+9.3 38.1411.9 35.347.1 
Mean education level (years) 8.443.2 7.3+2.1 9.2+5.6 
Mean disease duration (years) 8.6+3.2 10.2+5.7 - 
Pain (VAS) 7.33.6 6.84.1 - 
Fatigue (VAS) 7.7445 6.1+5.2 - 
Sleep quality (VAS) 6.544.3 5.9+2.1 - 
Overall well-being 4.2+3.4 5.3+4.1 - 
FIQ 59.7+20.6 - - 


FIQ: Fibromyalgia Impact Questionnaire 


FM and RA patients performed poorly on most cognitive mea- 
surements compared with healthy controls. FM patients showed 
global cognitive impairment as compared to healthy controls. 
The performance of the FM patients was similar to that of the 
RA patients on most cognitive measures. However, FM patients 
performed more poorly than RA patients on many measure of 
executive functions (Wisconsin Card Scoring Test) (p<0,05). The 
performance of the RA patients on cognitive tests of informa- 
tion processing (executive performance) was impaired when 
compared to healthy control participants (p = O, 05). 
Comparison of patients with FM and RA revealed no significant 
differences except for the executive functions. No significant 
differences were found between FM and RA patients on the at- 
tention, memory, word fluency, and visuo-spatial tasks. Neuro- 
psychological test results are summarized in Table 3. RA and FM 
patients performed poorly on more of the verbal memory tests 
when compared with control groups. Moreover, RA patients had 
similar visual memory tests with healthy controls (Rey —Oster- 
reith Test). Results indicated that patients with FM displayed 
slower performance on executive functions, difficulty maintain- 
ing attention, poor verbal and visual memory, and impairment 
in visual-spatial tasks. In addition, the FM patients had signifi- 
cantly worse word fluency than healthy controls. 

Self reported pain correlated with 2 cognitive measures: atten- 
tion and executive functions(r=0.51, p<0.05 and r=0,68, p<0,05 
respectively). Fatigue was not related to attention/working 
memory. The fatigue correlated only with executive functions 
in FM patients(r=0.51, p<0.05). No significant correlations were 
noted between the cognitive variables and sleep quality. Also, 
there was no significant correlation between total FIQ score 
with any cognitive task in patients with FM. The comparison 
of neuropsychological test results in FM patients with healthy 
controls are shown in Table 4. Pain in patients with RA was 
only related to attention skills. No significant association was 
detected between pain severity and others cognitive functions 
in patients with RA. 


Table 3. The comparison of neuropsychological test results in patients with 
Fibromyalgia and Rheumatoid Arthritis. 


Patients (FM) Patients (RA) — p# 
(n= 16) (n= 15) 
Attention 
WAIS-R-DS-fwd 5 5.08 
WAIS-R-DS-bwd 3.44 3.42 
K-A-S perseveration 0.38 0.67 
Language 
BNT 26.81 27.25 
Visuo-spatial functios 
BFR 19.4 18.6 
BD 24.06 23.83 
HVOT 16.44 18.08 
Clock drawing 10 10 
Memory 
CVLT 
Total of 5 trials 47 48.33 
Ith trial 6.08 6.19 
5th trial 11.58 11.75 
Short-delay free recall 5.81 6 
Short-delay cued recall 9.75 9.75 
Long-delay free recall 11.56 10.92 
Long-delay cued recall 10.5 10.38 
Perseverations 7.88 6.83 
Free recal intrusions 3.31 4 
Recognition 13.81 14.17 
Discriminability (%) 91.89 93.36 
ROCF 
1 19.75 21:33 
2 14.5 17.92 
5 14 18.25 
Executive functions 
WCST 
Total number of responses 123 116.5 
Total categories completed 2.8 4.58 0.03 
Number of perseverative responses 38.3 28.5 0.02 
Total number of Errors 29.33 18.25 0.02 
Total number of correct responses 32.99 50.83 0.01 
Stroop Test 1 12.58 13.9 
Stroop Test 2 12.27 15.24 
Stroop Test 3 14.97 14.59 
Stroop Test 4 21.36 18.41 
Stroop Test 5 31.06 30.94 
TMT A 48.16 50.05 
TMT B 93.63 89.38 


CVLT= California Verbal Learning Test; ROF= Rey-Osterreith Complex Figure; BFR= Benton 
Facial Recognition; BD= Blok design; HVOT= Hooper Visual Organization Test; WAIS-R 
=Wechsler Adult Intelligenve Scale-Revised; WCST =Wisconsin Card Sorting Test; TMT= 
Trail Making Test aOnly significant p values are shown. 


Discussion 

The cognitive impairment may be a common problem in pa- 
tients with chronic pain. However, little is known about the pos- 
sible impacts of the chronic pain on cognitive functions [21-22]. 
The prevalence of cognitive dysfunction is high among FM pa- 
tients than other patients with rheumatic disease. We compared 
the cognitive performance of FM patients with RA patients and 
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Table 4. The Comparison of Cognitive Test Results in FM Patients with 
Healthy Controls and the Correlations between Variables such as Pain, Fatique 
and the Scores of the Neuropsychological Tests in the Fibromyalgia Group. 


Patients (FM) Controls p? Pearson 
(n= 16) (n= 15) Correlation 
Coefficient® 
Attention 
WAIS-R-DS-fwd 5 6.4 0.04 ‘=0.51 
WAIS-R-DS-bwd 3.44 4.93 0.03 ‘t=0.53 
K-A-S perseveration 0.38 0.27 
Language 
BNT 26.81 29.27 0.04 
Visuo-spatial functios 
BFR 19.4 19.2 
BD 24.06 37 0.03 
HVOT 16.44 20.47 0.03 
Clock drawing 10 10 
Memory 
CVLT 
Total of 5 trials 47 58.73 0.02 
1th trial 6.08 TIS 0.03 
5th trial 11.58 14.33 0.02 
Short-delay free recall 5.81 7.87 0.02 
Short-delay cued recall 9.75 12.73 0.01 
Long-delay free recall 11.56 1333 0.03 
Long-delay cued recall 10.5 13.27 0.02 
Perseverations 7.88 4.27 0.02 
Free recal intrusions 3.31 0.93 0.01 
Recognition 13.81 18.67 0.01 
Discriminability (%) 91.89 98.26 0.02 
ROF 
1 19.75 22°75 0.04 
2 14.5 21.2 0.03 
3 14 21.13 0.03 
Executive functions 
WCST 
Total number of re- 123 96.14 0.03 ‘r=0.68, 
sponses dr= 0.51 
Total categories com- 2.8 5.57 0.03 ‘r=0.65 
pleted 
Number of perseverative 38.3 12.21 0.02. = ‘r=0.7, 
responses tr= 0.56 
Total number of Errors 29.33 13.79 0.02 = ‘r=0.71, 
r= 0.6 
Total number of correct 32.99 69.79 0.01 =0.73 
responses 
Stroop Test 1 12.58 19 0.03 = =‘r=0.68, 
tr= 0.52 
Stroop Test 2 12.27 8.4 0.03 ‘r=0.61 
Stroop Test 3 14.97 11.15 0.03 ‘r=0.56 
Stroop Test 4 21.36 14.83 0.02 = ‘r=0.72, 
r= 0.54 
Stroop Test 5 31.06 22.53 0.03 ‘r=0.56 
TMT A 48.16 31.46 0.01 = ‘r=0.66, 
r= 0.62 
TMT B 93.63 61.69 0.01 = ‘r=0.64, ‘r= 
0.58 


CVLT= California Verbal Learning Test; ROF= Rey-Osterreith Complex Figure; BFR= Benton Facial 
Recognition; BD= Blok design; HVOT= Hooper Visual Organization Test; WAIS-R =Wechsler Adult 
Intelligenve Scale-Revised; WCST =Wisconsin Card Sorting Test; TMT= Trail Making Test 

aOnly significant p values are shown. 

bOnly significant correlations are shown. 

cThe correlation between self reported pain and the scores of the neuropsychological tests. 
dThe correlation between fatigue and the scores of the neuropsychological tests. 


age-matched controls. Depressed patients were not included to 
this study because of the possibility of influencing with cogni- 
tive functions [23, 24]. 

Neuropsychological studies in FM patients have focused most 
frequently on attention and memory function. Our results 
demonstrated impairment visual memory, verbal memory, and 
sustained attention in FM patients. Memory impairments may 
result from slowed rate of information processing or slowed 
psychomotor speed [25]. These patients have particular diffi- 
culty with memory when tasks are complex and their attention 
is divided [11]. In addition, poor attention can also contribute to 
reduce in other cognitive measures such as problem solving and 
reasoning, reading, calculation skills. Dick et al [26] suggested 
that performance of standardized everyday attentional tasks 
was impaired in the FM group compared to controls. 

The frontal cortex is critically important in tasks that require 
the temporal integration of information [27]. Working memory 
and encoding and retrieval operations are functions that reside 
primarily in the dorsolateral prefrontal cortex. In our study, ver- 
bal fluency measured by the KAS-test was found to be impaired 
in the FM. This condition resembles that delayed verbal recall 
was seen in patients with frontal lobe dysfunction. Johansson 
et al. found that regional cerebral blood flow (rCBF) measure- 
ments showed significant decrease in dorsolateral frontal corti- 
cal areas of both hemispheres in FM patients [28] 

The speed of processing is the most sensitive measure of cog- 
nitive function. Past research has demonstrated a convincing 
relationship between slow speed processing and FM. We as- 
sessed executive functions for the speed of information pro- 
cessing, which measures how rapidly an individual can make 
simple perceptual decisions. In contrast to our study, Park et al 
found that speed processing was intact in FM patients [8]. Ina 
later study, Grace et al [7] reported that although FM patients 
processed information as rapidly as age-matched controls, they 
had poorer working memory and long-term memory function. 
They did not collect measures of verbal knowledge. But, simi- 
larly to our study, Sletvold et al examined a number of cogni- 
tive tasks in FM patients and found evidence of declines in the 
speed of processing and attention [23]. Insufficiency on mea- 
sures of psychomotor speed, verbal fluency and verbal memory 
in our study is consistent with cerebral cortical dysfunction. In 
a recent study, Verdejo-Garcia et al [29] examined executive 
function and decision making in FM using the Wisconsin Card 
Sorting Task (WCST). They found that FM patients achieved a 
lower number of categories and made more nonperseverative 
errors on the WCST. 

Cognitive symptoms may be exacerbated by the presence of 
fatigue, sleep problems, and pain, but the relationship of these 
factors to cognitive problems in FM patients is unclear. Results 
of our study suggested that self-reported fatigue was related 
to executive functions/psychomotor speeding FM patients. Our 
findings are consistent with Cote and Moldofsky [30] in sug- 
gesting fatigue is related to psychomotor slowing in patients 
with FM. They suggested that fatigue associated with disturbed 
sleep may be the primary reason for the cognitive dysfunction 
observed in FM patients(The Stanford Sleepiness Scale was 
used to evaluate the sleep disturbance). On the contrary, no re- 
lationship was found between cognitive dysfunction and sleep 
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disturbance in our study. This condition may be explained by 
the use of different sleep scales. Sleep deprivation will result 
in fatigue, negative mood, and impaired cognitive functioning 
[11,31]. However, Dick et al [26] reported that significant differ- 
ences remained between FM and healthy control groups even 
when controlling for self-reported sleep disruption (number of 
awakenings per night). 

Cognitive complaints would be most closely related to pain 
severity, and excessive preoccupations with the pain stimu- 
lus. There is evidence that intense bodily preoccupation is as- 
sociated with disturbances in attention, and verbal memory 
[22,31-34]. In our study, the severity of pain was significantly 
associated with declines in the attention and impairment in the 
executive functions. Whereas, the pain in patients with RA was 
not related to cognitive functioning except for global attention. 
This condition may suggest that the underlying mechanisms of 
pain may have a role more than the severity of pain in cognitive 
functioning. The characteristics of central pain are quite differ- 
ent from peripheral pain. The general and widespread nature of 
pain in FM strongly suggests the involvement of central mecha- 
nisms, which leads to an altered processing of nonpainful body 
information [35-38]. FM is currently to be a disorder of pain 
regulation, classified often under the term central sensitization. 
Central sensitization may occur in the form of increased ex- 
citability of spinal cord neurons, enlargement of the receptive 
fields of these neurons, reduction in pain threshold, or recruit- 
ment of novel afferent inputs [38-41]. 

Overall, multiple techniques and approaches support the idea 
that FM is a CNS disorder involving central sensitization, with 
CNS dysregulation at the root of FM symptomatology, such as 
pain, fatigue, sleep disturbance and cognitive difficulties [27, 
28, 34-36]. Montoyo et al suggested that in FM patients, there 
was abnormal information processing, which might be charac- 
terized by a lack of inhibitory control to repetitive nonpainful 
somatosensory information during stimulus coding and cogni- 
tive evaluation [35]. 

Recently, there has been accumulating evidence that chronic 
pain is associated with changes in brain anatomy. The brain 
imaging studies of FM that measured regional cerebral blood 
flow (rCBF) at rest using positron emission tomography (PET) 
or single photon emission computed tomography (SPECT) have 
shown hypoperfusion in various brain regions of FM patients 
compared to controls [40, 42]. Consistent with the findings of 
hypoperfusion in the thalamus is a recent structural study re- 
porting decreased gray matter density in the thalamus of FM 
patients [43]. In a study that evaluated 14 FM patients and 14 
healthy controls, Burgmer et al [44] found decreased gray mat- 
ter volume in several brain region, including the prefrontal cor- 
tex, the amygdale, and anterior cingulated cortex (ACC). The 
functional significance of gray matter atrophy in FM might in- 
clude a decreased capacity for endogenous pain inhibition and 
impaired cognitive functioning in FM [45]. ACC play an essential 
role in selective attention [46]. The prefrontal cortex is critically 
involved not only in pain modulation, but also in executive func- 
tioning, attention, and recognition and especially in the free 
recall [11, 46, 48]. 

The other determining area in cognitive function is hippo- 
campus. The hippocampus is an integral component of limbic 


system, and it plays crucial roles in maintenance of cognitive 
function, and sleep regulation. More recently, in a case study 
by Emad et al it was suggested that the hippocampus was dys- 
functional in patients with FM [47]. The hippocampus is criti- 
cally involved not only in memory and spatial orientation but 
also in pain perception and modulation of the central stress 
responses, all of which are altered in FM [45]. 

Several different hypotheses can be formulated about the 
mechanism determining these cognitive defects in RA. Firstly, 
a disconnection between cortical and subcortical areas due 
to vasculitis located at the small penetrating arterioles can 
be postulated [48]. A further hypothesis that may explain the 
cognitive impairment in RA is related to deafferentation: a de- 
fective proprioceptive input to the brain from joints altered by 
inflammation and chronic damage could cause an impairment 
in the cognitive mechanisms of elaboration and planning motor 
activity [49]. 

The results of the present and previous studies are important 
for our understanding of the pathophysiology of FM. How- 
ever, the relationship between CNS alterations and FM is still 
unclear. That FM is a primary disorder of the brain or all the 
changes in the brain could be driven by physiological alterations 
outside the brain is yet to be answered. The other idea is that 
FM might not be primary disorder of the brain in the sense that 
CNS alterations might not be at the beginning in the chain of 
events leading to FM. It is not clear whether CNS changes are 
the primer reason of FM or the result of chronic pain. 

The results of this study suggests that many of the comorbid 
symptoms such as pain, fatigue often present in FM can have 
a negative impact on cognitive functions. FM patients might 
devote less effort to cognitive testing due to ongoing pain and 
fatigue or the belief that they will not perform well. But these 
do not seem to completely explain the cognitive dysfunction. 
The current research and our study show common involvement 
rather than specific areas of the brain in FM. However, due to 
use of different cognitive tests in previous studies, it is difficult 
to fully evaluate the results. In this study we had some limita- 
tions. More important limitations of the present study are the 
lack of new techniques of brain imaging such as SPECT imag- 
ing, PET and MRI of patients. Another limitation was the rela- 
tively low number of patients. The larger patient numbers were 
required for a more accurate profile of impairment to emerge. 
Further studies of cognition in FM could lead to a better un- 
derstanding of CNS mechanisms responsible for fibromyalgia. 
Future research should focus on the specific neurocognitive sys- 
tems involved in cognitive dysfunction in FM. 
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